Early mortality and reduced quality of life in the years prior to death are the most important health outcomes associated with cardiovascular disease. Other measures of cardiovascular status, including blood pressure, ejection fraction, and electrocardiogram (ECG) abnormalities, are only of interest because of their known association with poor health outcomes. Quality of life measures have gained increasing attention as outcome variables in studies of cardiovascular disease. This article reviews several current approaches to the assessment of health outcomes. A general health policy model is offered as a method for comparing program options in cardiovascular disease that may have very different objectives. Examples taken from the evaluation of hypertension screening and troatment, of heart transplantation programs, and of primary prevention of heart disease are offered. Methods for measuring the cost/utility of alternative procedures are also discussed. Cardiovascular disease has a major impact on contemporary sociates, 1983). Despite some skepticism about whether new American society. Each year, approximately 6 million people treatments increase life expectancy, they have shown encouraghave symptomatic coronary heart disease. Among them, over ing effects on the ability to perform daily activities and the relief 700,000 are hospitalized for myocardial infarction, and more of pain. For example, a national cooperative study suggested than 1.5 million die. Heart disease is a major concern for at that surgically treated patients experience fewer symptoms than least two reasons. First, it affects life expectancy. Second, it detethose who are managed with medicine (R. O. Russell et al., riorates quality of life. For example, 20% of Americans will de-1978) . The various methods for the treatment and prevention velop coronary heart disease by their 60th birthdays. Among of heart disease are all designed to increase life expectancy and these, l 1% will die suddenly and 44% will suffer debilitating to improve quality of life. With an appropriate conceptualizaheart attacks (Hartunian, Smart, & Thompson, 1981) . The dition of these outcomes, approaches ranging from surgery to rect and indirect costs of heart disease in the United States have medical management to prevention can be compared directly been estimated to exceed $100 billion per year (Cooper & Rice, with one another (Weinstein & Stason, 1985) . We will return 1976; Weinstein & Stason, 1985) .
to some of these comparisons in the application section of this article. However, before we consider applications, we must reCardiovascular Disease and Health Outcomes view the complex issues relevant to the conceptualization and measurement of quality of life.
Modern treatments for coronary heart disease focus on increasing life expectancy and on improving quality of life. Some treatments, such as coronary artery bypass graft (CABG) surHealth-Related Quality of Life gery, have produced a somewhat disappointing effect on inIt is instructive to consider health-care measures in light of creased life expectancy. A controlled clinical trial known as the the objectives of prolonging life and enhancing life quality. TraCoronary Artery Surgery Study (CASS) showed no survival additional biomedical indicators and diagnoses are important to vantage of surgery in comparison with medical management for us because they may be related to mortality or to quality of life. patients who were asymptomatic following a myocardial infarcFor example, elevated blood pressure over a sustained period tion. There was a nonsignificant trend toward improved surof time may predict death due to heart disease, heart-diseasevival for a subset of patients with significant three-vessel heart related disability, or stroke. If high blood pressure were unredisease and with compromised cardiac function (i.e., reduced lated to these outcomes, it would be unimportant. In other ejection fraction) (CASS Principal Investigators and Their Aswords, blood pressure is important because it correlates with health outcomes, although it is not an outcome itself.
We use the term health-related quality of life to refer to the Support for this article was provided by Grants K04 HL 00809 and impact of health conditions on function. Health often relates to R01 HL 34732 from the National Heart, Lung, and Blood Institute of quality of life independently of work, housing, air pollution, and the NationalInstitutesofHealth. so forth (Rice, 1984) . Within the last few years, a substantial Correspondence concerning this article should be addressed to number of quality of life measures have been proposed. In the Robert M. Kaplan, Center for Behavioral Medicine, San Diego State next sections, some issues relevant to assessing life quality will University, San Diego, California 92182. be addressed.
What is Health-Related Quality of Life? status. Supporters of this approach have argued that psychometric methods fail to consider that different health problems Many new quality of life measurement systems have evolved are not of equal concern. One-hundred runny noses are not during the last 20 years. These systems represent various tradithe same as 100 severe abdominal bleeds (Bush, 1984) . In an tions in measurement. At least two conceptual approaches have experimental trial using the psychometric approach, it is not been represented in recent articles. One approach grows out of uncommon to find that some aspects of quality of life improve, the tradition of health status measurement. In the late 1960s whereas others get worse. For example, a medication might reand early 1970s, the National Center for Health Services reduce high blood pressure but might also be associated with search funded several major projects to develop general meaheadaches and impotence. It is argued that the notion of quality sures of health status. All of the projects were guided by the is the subjective evaluation of observable or objective health World Health Organization (WHO) definition of health status, states. The decision theory approach attempts to provide an which states that "health is a complete state of physical, mental, overall summary measure of quality of life that integrates suband social well-being and not merely absence of disease" (World jective function states, preferences for these states, morbidity, Health Organization, 1948, preamble) . Those projects resulted and mortality. in a variety of assessment tools, including the Sickness Impact
Citing studies on factor analysis, Ware, Brook, Davies, and Profile (Bergner, Bobbitt, & Pollard, 1976; Bergner, Bobbitt, Lohr (198 l) suggested that different components of health, inCarter, & Gilson, 1981) , the Quality of Well-Being Scale cluding mental, physical, and social aspects, might be statisti- (Kaplan & Bush, 1982) , the Rand Health Status Measure (Stewcally independent dimensions. Thus, an aggregate measure of art, Ware, Brook, & Davies, 1978) , and the McMaster Health health status might be the same asadding apples to oranges. Index Questionnaire (Chambers, 1988) . Many of the measures In rebuttal, Bush (1984) argued that, indeed, different cornexamined how disease or disability affect performance of social ponents of life quality might be considered analogous to very role, ability to get around the community, and physical funcdifferent pieces of fruit. However, it is the overall evaluation of tioning. Some of the measures included separate components the basket of fruit that is important. A fruit peddler who regufor the assessment of social and mental health, larly delivers a full basket of fruit is preferred over one who deOther authors have referred to quality of life as something livers a half-empty basket. A basket of fruit in which all pieces that is independent of health status. For instance, Follick et al.
are fresh and none are rotten is preferred over one in which (1988) suggested that quality of life represents a broader outsome pieces are either missing or decayed. Bush argued that the come than traditional measures of symptoms and mortality, psychometric approach is analogous to comparing one bowl of Croog et al. (1986) used a wide variety of outcome measures fruit containing an apple and missing an orange with a second and collectively referred to them as quality of life. These meabowl of fruit containing a rotted banana and missing a pear. sures included the patient's subjective evaluation of well-being, Ultimately, our concern is with the overall desirability of the physical symptoms, sexual function, work performance and aggregate. satisfaction, emotional status, cognitive function, social participation, and life satisfaction. Other investigators, including Hunt and McEwen (1983) , have regarded quality of life as a subjective Disease-Specific Versus General appraisal of life satisfaction. In summary, a wide variety of diMost health-related quality of life measures are designed for mensions has been used to describe quality of life. There is no use with any population. However, some investigators feel it is agreement on which dimensions should be assessed in research necessary to develop quality of life measures for specific disstudies. Yet, consideration of recurrent themes in the methodoeases, such as cardiovascular disease. For example, the RAND logic literature can assist in the evaluation of existent instruCorporation has produced a series of booklets describing the ments, conceptualization and measurement of physiologic health. Each booklet describes the measurement of a specific condiUnidimensional Versus Multidimensional tion, such as coronary heart disease. The rationale underlying these measures is largely clinical, and the approach assumes Most researchers agree that quality of life is a multidimenthat each medical condition has very specific outcomes. Heart sional construct. Yet, there is considerable debate about patients are evaluated according to ejection fractions, blood whether outcome measures must necessarily represent this mulgases, and so forth. tidimensional structure. There are two major approaches to
In contrast to disease-specific approaches, many investigaquality of life assessment: a psychometric approach and a decitors believe that all diseases and disabilities have a general effect sion theory approach. The psychometric approach attempts to on quality of life. In fact, the purpose of quality of life measureprovide separate measures for the many dimensions of quality ment is not to identify clinical information relevant to the disof life. Perhaps the best known example of the psychometric ease: Instead, quality of life measurement seeks to determine tradition is the Sickness Impact Profile (SIP). The SIP is a 136-the impact of the disease on general function. It is argued that, item measure that yields 12 scores. The scores are displayed by focusing too specifically on clinical correlates of disease, the in a format similar to that used for a Minnesota Multiphasic general impact is overlooked. A well-designed, general quality Personality Inventory (MMPI) profile, of life measure adequately captures a wide variety of dysfuncThe decision theory approach attempts to weight the dimentions associated with almost any disease. A variety of methods has been proposed for the measurement , of quality of life. It is not possible in the limited space provided here to review and critique all of these methods. Instead, some of the more widely used methods will be presented. Readers I._ 1 interested in more detailed reviews should consult Bergner .,-_" 0 (1985) ; Kaplan (1985a); and Wenger, Mattson, Furberg, and Elinson (1984) .
Four of the more commonly used assessment methods in-
ance Measures, the Index of Activities of Daily Living Scales, _ _ _ ,N ._ z_. o_, and adhocmeasurementsystems.
-
The SIP (Bergner et al., 1981 ) is one of the best-known and Figure I . Sickness Impact Profile impairment most widely used quality of life measures. It is a general meascores for angina and healthy patients. sure that is applicable to any disease or disability group. Furthermore, the SIP has been successfully used with a variety of cultural subgroups.
Some medical studies simultaneously consider changes in death The SIP includes 136 items that describe the effect of sickness and changes in illness. The SIP may be less suited than other on behavioral function. These items are divided into 12 categomeasures for these studies. The second problem is that the SIP ries. In turn, the 12 categories are further clustered into three is sometimes cumbersome to administer. With 136 items, it can groups: independent, physical, and psychosocial. The indepenbe time consuming, and it requires alertness and attention by dent categories include sleep and rest, eating, work, home manthe respondent. However, the SIP is an example of a measureagement, and recreation and pastimes. Physical categories inment system that has undergone systematic methodological reclude ambulation, mobility, and body care and movement. The finements over many years. It has been widely used and wellpsychosocial categories include social interaction, alertness beevaluated. havior, emotional behavior, and communication.
Each SIP item has been evaluated by an independent group
Index of Activities of Daily Living of judges on a 15-point scale of dysfunction. The judges' ratings determine the weighting of each item in the SIP scoring. The Perhaps the oldest general quality of life measure is the Index respondent does not consider the judges' weightings in deciding of Activities of Daily Living (ADL; Katz, Ford, Moskowitz, toendorse an item. The overall SIPpercent score is obtained by Jackson, & Jaffe, 1963) . Katz et al. were very early to argue separating the items endorsed by the respondent, summing that the major effects of disease and disability were exerted on their scale values, and dividing by the sum of all values for all function and on the ability to perform role activities in everyitems on the SIP. Then, this proportion is multiplied by 100 to day life.
compute a total percent-impaired score. Scores are obtained The ADL is most commonly used in studies of the elderly. similarly for each category. Percent scores for each category can
The system includes six subscales: bathing, dressing, toileting, be plotted on a graphic display that looks similar to an MMPI transfer, continence, and feeding. For each category, assessors profile. A variety of studies has attested to the reliability and judge whether the person is independent or dependent. For the validity of the SIP for various patient groups and clinical applicategory of bathing, people are judged to be independent if they cations (see Bergner et al., 1981) . An example of an application need assistance only in bathing a single part of the body or can of the SIP in cardiovascular disease is summarized in Figure 1 . bathe themselves. They are judged to be dependent if they need The figure compares 50 patients with angina with 50 healthy assistance in bathing more than one part of the body. Once a volunteers. The angina patients had more impairment in all judgment of dependence or independence is obtained for each categories. However, work and recreation were most seriously of the six categories, an overall grade is assigned. To receive the affected. Angina had less impact on body care, mobility, and top grade, or Grade A, the person must be independent in all six eating (Vandenburg, 1988) . categories. Grade B is assigned for those who are independent in Clearly, the SIP is one of the most important and best-develall but one of these functions. The bottom grade, G, is assigned oped quality of life measures. Two minor issues are relevant to to those who are dependent in all six functions. Several reliabilits general use. First, the SIP is a measure of morbidity or illness ity and validity studies for the ADL have been reported (Katz, but does not easily integrate with mortality or death outcomes. Downs, Cash, & Grotz, 1970) . Despite its many important ap-plications in studies of aging, the ADL has been criticized beMemory Scale and the Trailmaking Test from the Halsteadcause it does not make distinctions toward the well end of the Reitan Neuropsychological Test Battery (Reitan, 1986) . Physiquality of life continuum. Stewart et al. (1978) suggested that cal symptoms were measured with the Physical Symptom Disnearly 80% of the noninstitutionalized population have no gross tress Index and the Sleep Dysfunction Scale (Reitan, 1986) . functional limitations and would obtain the top score in the This approach has the advantage of casting a wide net. Thus, it ADL system. However, other population surveys have demonis possible to identify the advantages and disadvantages associstrated that more than 50% of the population experience one or ated with specific treatments. The disadvantage is that there is more symptoms on a given day (Kaplan, Bush, & Berry, 1976) . no relative weighting system. If a medication reduces blood Most of these cause minor irritation but do not cause the type pressure while it increases headaches or sexual dysfunction, of dysfunction detected by ADL measures. For example, chest some judgment of quality is still required to determine whether pain, shortness of breath, and dizziness would not be recorded the medication should be continued (Croog et al., 1986) . by the ADL scales if they did not disrupt major role activities.
Another common problem in studies that use measures with Given the wide array of behaviors and symptoms that are relemultiple subscores is the subject-to-variable ratio. In smaller vant to life quality, the ADL has some significant limitations, clinical trials, the number of subjects is sometimes approached Other measures are required to make discriminations among by the number of variables. Under these circumstances, multiimpaired individuals who score toward the healthy end of the variate comparisons can be highly unreliable. For univariate functioning continuum, comparisons, the multiple endpoints inflate the probability of a Type I error. Measures such as the SIP have a defined number of scales. Yet, some of the newer approaches appear to have RAND many potential endpoints, which allows the investigator to select variables for discussion post hoc. Perhaps the most thorough review of the conceptualization of health status and quality of life measures has been conducted by the RAND Corporation. The RAND physical health status Decision Theory Approaches measures are adaptations of measures developed by Bush, Within the last few years, there has been growing interest in Kaplan, and others to describe physical activity, social activity, using quality of life data to help evaluate the cost/utility or cost and mobility. The social activity category was subdivided to ineffectiveness of health-care programs. Cost studies have gained clude social activity, role activity, household activity, and leisure in popularity because health-care costs have grown rapidly. Not activity. The RAND group also adapted Dupey's (1969) Genall health-care interventions are equally efficient in returning eral Well-Being Index. In addition, they have included the Genbenefits for the expended dollar. Objective cost studies might eral Health Perceptions Questionnaire (Ware & Karmos, 1976) guide policy makers toward an optimal and equitable distribuas well as self-report questionnaires to assess the clinical status tion of scarce resources. Cost/effectiveness analysis typically associated with a wide variety of medical conditions (Brook et quantifies the benefits of a health-care intervention in years of al., 1979).
life or quality-adjusted life years (QALYs). Cost/utility is a speThe RAND approach has the advantage of being very comcial use of cost/effectiveness that weights observable health prehensive. For example, the approach may demonstrate that states by preferences or utility judgments of quality (Kaplan & patients with cardiovascular disease have shown minor im- Bush, 1982) . In cost/utility analysis, the benefits of medical provements in certain aspects of mobility and role performance care, behavioral interventions, or preventive programs are exyet are experiencing the side-effects of mental confusion and pressed in "well" years. These outcomes have also been deheadache. Unlike some other systems, however,the RAND apscribed as quality-adjusted life years (Weinstein & Stason, proach does not allow a single summary statement about 1976), discounted life years (Kaplan et al., 1976) or healthy whether the patients are getting better or worse on a composite years of life (L. B. Russell, 1986) . Because the term qualityindex, adjusted life years has become most popular, we will use it in this presentation. The QALYs integrate mortality and morbidAd Hoc Approaches ity to express health status in equivalents of well years of life. If a man dies of heart disease at the age of 50 years and we Another approach is illustrated in a recent article published would have expected him to live to the age of 75 years, it might in the New England Journal of Medicine. In this multicenter be concluded that the disease was associated with 25 lost life clinical trial that compared medications to control mild-toyears. If 100 men died at the age of 50 years (and also had a life moderate high blood pressure, a variety of quality of life meaexpectancy of 75 years) we might conclude that 2,500 (100 sures was used. The investigators used a wide range of measures men X 25 years) life years had been lost. Yet, death is not the in an attempt to characterize the benefits and side effects associonly outcome of concern in heart disease. Many adults suffer ated with using the medications. The measures included a sense myocardial infarctions that leave them somewhat disabled over of well-being scale and measures of physical symptoms, sexual long periods of time. Although they are still alive, the quality of function, work performance and satisfaction, emotional status, their lives has diminished. Quality-adjusted life years take into cognitive function, social participation, and life satisfaction, consideration the quality of life consequences of these illnesses. Many of these measures had multiple components. For examFor example, a disease that reduces quality of life by one half pie, cognitive function was evaluated using both the Wechsler will take away .5 QALYs over the course of each year. If it affects 2 people, it will take away 1.0 years (2 × .5) over each year peto place the observable states on a preference continuum, with riod. A medical treatment that improves quality of life by .2 for an anchor of 0 for death and 1.0 for completely well. In several each of 5 individuals will result in the equivalent of 1 QALY if studies, random samples of citizens from a metropolitan cornthe benefit is maintained over a 1-year period. This system has munity evaluated the desirability of over 400 case descriptions. the advantage of considering both benefits and side effects of Using these ratings, we developed a preference structure that programs in the common QALY units, assignsweights to each combination of an observable state and The need to integrate mortality and quality of life informaa symptom/problem (Kaplan et al., 1976) . Cross-validation tion is clearly apparent in studies of heart disease. Consider the studies have shown that the model can be used to assign weights case of hypertension. People with high blood pressure may live to other states of functioning with a high degree of accuracy shorter lives if they are untreated. Thus, one benefit of treat-(R 2 = .96). The regression weights obtained in these studies are ment is to add years to life. However, for most patients, high given in Tables 1and 2. Studies have shown that the weights are blood pressure is not associated with symptoms for many years, highly stable over a l-year period and that they are consistent Conversely, the treatment for high blood pressure may cause a across diverse groups of raters (Kaplan, Bush, & Berry, 1978) . variety of symptoms. In other words, in the short run, patients Finally, it is necessary to consider the duration of stay in various who take medication may experience more symptoms than health states. For example, 1 year in a state that has been asthose who avoid it. If a treatment is evaluated only in changes signed the weight of.5 is equivalent to .5 of a QALY. in life expectancy, the benefits of the program will be overesti-
The calculating formula for the point-in-time well-being mated because side effects are not taken into consideration. On score (W) for an individual is the other hand, by considering only the current quality of life, we underestimate the treatment benefits because information
on mortality is excluded. In fact, consideration of only the curwhere wt is the preference-weighted measure for each factor, rent function might make the treatment look harmful because CPX is the symptom/problem complex, MOB is the mobility the side effects of the treatment might be worse than the symplevel, PAC is the physical activity level, and SAC is the social toms of hypertension. A comprehensive measurement system activity level. might take into consideration both side effects and benefits to Consider, for example, the person described by the following provide an overall estimate of the benefit of treatment (L. B.
condition for a particular day: a CPX level of 11 (cough, wheezRussell, 1986).
ing, or shortness of breath with or without fever, chills, or aching Although there are several different approaches for obtaining all over) with a weight of -.257, a MOB level of 5 (no limitaquality-adjusted life years, most of them are similar (Kaplan, tions) with a weight of.000, a PAC level of I (in bed, chair, or 1985b). The approach that our group prefers involves several couch for most or all of day, health-related) with a weight steps. First, patients are classified according to objective levels of-.077, and a SAC level of 2 (performed no major role activof functioning. These levels are represented by scales of mobility, health-related, but did perform self-care) with a weight ity, physical activity, and social activity. The dimensions and of-.061. steps for these levels of functioning are shown in Table 1 . The
The Wvalue for this particular day is 1 + (-.257) + (.000) + reader is cautioned that these steps do not delineate the scale (-.007) + (-.061) = .605. but rather that they list the labels that represent the scale steps.
This suggests that, for a particular day, a person in this condiStandardized questionnaires have been developed to classify intion is in an observable state and is judged to be about 60% of dividuals into one of each of these scale steps (Anderson, Bush, the distance between death and optimal function. If restricted & Berry, 1986). In addition to being classified into these observto this state for an entire year, the person would have lost the able levels of function, individuals are also classified by the one equivalent of about .4 well years. symptom or problem that bothers them most (see Table 2 ).
In addition to point-in-time well-being, it is also crucial to About half of the population reports at least one symptom on consider the duration of stay in well states. The person described any day. Symptoms may be severe, such as serious chest pain, in this example could be suffering from the flu or from disabling or may be minor, such as the inconvenience of taking medicaheart disease. Yet, the flu might last only a few days, whereas tion or adhering to a prescribed diet for health reasons. The heart disease is chronic. Thus, in order to accurately conceptufunctional classification (Table l) and the accompanying list of alize health status, we need to consider the duration of time in symptoms or problems (Table 2 ) was created after extensive rethe state or the probability of movement between well states views of the medical and public health literature (Kaplan et al., over the course of time. Conceptually, we express this as well 1976). Over the last decade, the function classification system years (WY) through the following formula: and symptom list were repeatedly shortened until we arrived at the current versions. With structured questionnaires, an in-WY = [Number of Persons × (CPXwt + MOBwt + PACwt terviewer can obtain classifications on these dimensions in 11-16 min.
+ SACwt)] × Time.
After observable behavioral levels of functioning have been The well life expectancy is the current life expectancy adclassified, a second step is required to place each individual on justed for the diminished quality of life associated with dysfuncthe 0-1.0 scale of wellness. To accomplish this, the observable tional states and the duration of stay in each state. Using the health states are weighted by quality ratings for the desirability system, we can simultaneously consider mortality, morbidity, of these conditions. Human value studies have been conducted and the preference weights for these observable behavioral 
Quality of Well-Being General Health Policy Model
Step no.
Step In wheelchair, moved or controlled movement of wheelchair without help from someone else; or had trouble or did -.060 not try to lift, stoop, bend over,or use stairs or inclines, health related; and/or limped, used a cane, crutches, or walker, health related; and/or had any other physical limitation in walking or did not try to walk as far or as fast as others the same age are able, health related. 1
In wheelchair, did not move or control the movement of wheelchair without help from someone else; or in bed, chair, -.077 or couch for most or all of the day, health related Social Activity Scale
5
Nolimitations forhealth reasons -.000 4
Limited inother(e.g., recreational) roleactivity, health related -.061 3
Limited in major (primary) role activity, health related -.061 2
Performed no major role activity, health related, but did perform self-care activities -.061 1
Performed no major role activity, health related, and did not perform or had more help than usual in performance of -. 106 one or more self-care activities, health related In their analysis, Weinstein and Stason (1976) considered the a year of life free of any symptoms, problems, or health-related value of programs designed to increase adherence to antihyperdisabilities, tensivemedication. Fortheiranalyses, theydecidedthat failure More detailed descriptions of this system are available in to adhere to treatment had occurred when patients took only other publications (Kaplan, 1985a (Kaplan, , 1985b 50% of the prescribed medicine and obtained only 50% of the 1982). In the following sections, we will illustrate applications benefit. Two cases of incomplete adherence were considered. of the QALY concept.
On one extreme is the patient who fails to see a physician and purchases more medication than the 50% that was used. Here Applications the cost is low. _On the other extreme is the patient who remains under medical care and purchases medications but uses only There is a wide variety of quality of life measurement appli-50% of them. In this case, the costs are high. Weinstein and cations for studies in cardiovascular disease. First, quality of life Stason (1976) referred to these as the minimum cost assumpmeasures are being used more frequently as outcome measures tion and the maximum cost assumption. Under the minimum in clinical trials. A clinical trial is an experimental evaluation of cost assumption, patients do not receive the full benefits of a medical or behavioral treatment conducted in a representative medication because of incomplete adherence. Yet, they also do clinical setting. Second, major epidemiologic studies are beginnot spend their money to fill all prescriptions. According to ning to use quality of life measures as covariates and as health Weinstein and Stason (1976) , the cost effectiveness under this outcomes. Third, clinicians are becoming increasingly conassumption is very similar to the full adherence in which pacerned about the quality of life implications of their interventients receive the benefits of medication but make full expendition strategies. Indeed, there is now an entire journal published tures. Under the maximum cost assumption, the effect of inby LaJacq entitled Quality of Life and Cardiovascular Care. For complete adherence is substantial, particularly for those who most purposes, quality of life measures are used as dependent begin therapy beyond the age of 50. Earlier, it was noted that variables in research and clinical settings. However, quality of the cost to produce a well year using antihypertensive medicalife measures are also becoming increasingly popular in policy tions was $4,850 for those in a U.S. national sample who had analysis. In this section, a variety of applications of the QALY pretreatment diastolic blood pressure greater than 105 mm/ approach will be presented. These applications include discusHg. With incomplete adherence, these values would increase to sions of adherence to antihypertensive medications, exercise, $6,400 under the minimu m cost assumption and to $10,500 and heart transplantation, under the maximum cost assumption. In screeningfor mild hypertension (diastolic blood pressure = 95-104 mm/Hg), the Adherence to Antihypertensive Medications $9,880 per well year under the full adherence assumption would rise to $12,500 under the minimum cost assumption and to Hypertension is a major public health problem because of its $20,400 under the maximum cost assumption. high prevalence and its association with heart disease and Because adherence under the maximum cost assumption apstroke. Many people are unaware that they have hypertension, pears to have a strong effect on cost/utility, it is interesting to and many of those who are aware are unwilling to take the neeconsider the value of behavioral interventions to improve adessary actions to control the condition, herence. Several studies have shown that behavioral interven- Weinstein and Stason (1976) estimated the cost/utility for tions are effective (Shapiro & Goldstein, 1982) , and it is reasonprograms that screen severe hypertension (diastolic blood laresable to assume that a successful behavioral intervention will irasure > 105 mm/Hg) at $4,850 per well year, whereas the correprove adherence rates by 50% (Haynes et al., 1976) . Weinstein sponding figure for mild hypertension screening programs (diaand Stason (1976) considered the cost/utility of interventions stolic blood pressure --95-104 mm/Hg) was $9,800 per year in that would improve adherence by 50% under the maximum 1976 dollars. The costs and effects were considered according cost assumption. Their analysis of the hypothetical programs to the prevalence of high blood pressure in the community, the that would reduce diastolic blood pressure from I l0 mm/Hg costs of finding and treating new cases, and the expected beneto 90 mm/Hg suggested a differential expected cost/utility for fitsof treatment, programsdesignedfor men and for women.The resultsare Weinsteinand Stason's (1976) analysis also consideredavarisummarized in Figure 2 . The figure suggests that blood presety of factors that influence these cost/utility ratios. One of the sure screening and treatment programs are more cost effective most important factors is adherence to the prescribed medical for men if they are implemented early in the life cycle. Conregimen after cases have been detected. The figures we discuss versely, for women, the programs are most cost effective if they assume full adherence to the regimen. Yet, substantial evidence begin after the age of 40 years because women rarely die of heart has revealed that full or 100% adherence is rare (see DiMatteo disease before menopause. The most important aspect of the & DiNicola, 1982) . Compliance with antihypertensive medicafigure is that the adherence programs produce QALYs at a cost tions is of particular interest because taking the medication comparable to other programs. For example, an adherence prodoes not relieve symptoms. In fact, medication adherence can gram for men with severe diastolic hypertension would produce increase rather than decrease somatic complaints. Some studies a QALY for less than $20,000 in any age group. In the Weinstein and Stason (1976) monograph, a variety of tioning: pain, energy, physical mobility, sleep, social isolation, other hypothetical conditions were considered. Under the asand emotional reactions. However, the Nottingham Health sumption that the program would improve adherence by 50%, Profile does not provide an overall measure of quality of life a significant benefit of the program resulted under the maxiappropriate for a policy analysis. Therefore, the investigators mum cost assumption. However, under the minimum cost asmodified the measure to provide a single aggregate score. sumption, the hypothetical adherence intervention would have
The United Kingdom study was hindered by a variety of design produced a significant benefit if it increased adherence by 50% problems. For example, techniques of heart transplantation imbut no significant effect if it increased adherence by only 20%.
proved over the course of the study. Subjects who entered into the study at different times received different operations. In addition,
Heart Transplantation there may have been a tendency for surgeons to select the very sickest patients for the procedure, and it was impossible to obtain Heart transplantation is becoming a relatively common proa true control group. However, the best evidence is that the patients cedure in both the United Kingdom and the United States. Dewho are selected for the procedure have an extremely poor progspite the notion that the procedure is extremely specialized, nosis and without the intervention gradually get worse until they most major cities now have a heart transplantation program, die. For the most recent transplantation cases, evidence suggested Yet, because of the enormous costs associated with heart transthat patients improved in all six of the Nottingham Quality of Life plantation, there has been growing interest in the value of the categories. Using an approximation of the QALY system, O'Brien procedure. Both the United States and the United Kingdom et at. (1987) reported that the transplantation patients improved have conducted studies emphasizing the quantification of from a very poor health status prior to surgery to an estimated .9 health benefits of cardiac transplantation. These studies have on a 0-1.0 scale (1.0 = optimum health). In addition, they esticonsidered both survival and quality of life. mated that the averagepatient gained 8.3 life years as a function An example of a study quantifying the health benefits of a of the heart transplantation. The 8.3 years of added fife, weighted transplantation was reported by O'Brien, Buxton, and Ferguat .9, translated into approximately 7.5 years adjusted for quality son (1987) . These investigators performed a nonrandomized of life. trial with 221 patients undergoing heart transplantation in the The O' Brien et al. (1987) study is problematic because the United Kingdom. The data suggested that there was a signifiquality of life measurement system was not designed for the cant increase in survival for transplant patients in comparison ultimate analyses the investigators preferred. Thus, as they with eras when the procedure was not available. In addition, clearly acknowledged in their own article, the choice of a more the introduction of the immunosuppressive drug cyclosporine appropriate measurement system may have facilitated the con-A in 1982 produced a significant increment in survival after elusions that were drawn from the study. heart transplantation. The United Kingdom group used a psyExercise chometrically based profile approach to quality of life assessment. The measure, known as the Nottingham Health Profile It is widely believed that regular exercise may prevent coro- (Hunt & McEwen, 1983) , yields six dimensions of social funcnary heart disease. However, the epidemiologic literature does not clearly confirm or disconfirm these beliefs. Studies of San Worksite health promotion programs have also gained conFrancisco longshoremen (Paffenbarger & Hale, 1975) ,of British siderable attention. However, L. B. Russell (1986) suggested civil servants (Morris, Everitt, Pollard, & Chave, 1980) , and of that the costs of these programs are often not well-estimated. A Harvard alumni (Paffenbarger, Hyde, Wing, & Jung, 1978) have company may need to pay for a training facility, exercise superall demonstrated that men who engage in vigorous physical acvisors, locker rooms, and so forth. The exercisers may need to tivity over the course of years experience lower rates of heart spend money on running shoes, extra soap and water for addidisease mortality and morbidity than do men who are habitutional showers, additional medical evaluations, medical costs ally less active. However, none of these studies involved the ranfor care of injuries, and other expenses. Given the data curdom assignment of men to various activity levels. Thus, it is rently available, L. B. Russell (1986) was unable to estimate not clear whether the results reflected selection or protection. In either the costs or the benefits of an exercise program. other words, it could be that healthier men prefer to be more physically active rather than that physical activity protects health. The study of Harvard alumni has been particularly inConclusion fluential because recent data have demonstrated that exercise is associated with lower death rates from all causes--not only Using quality of life measures and a general health policy heart disease. This implies that the protective effects relevant to model, we can make comparisons between very different alterheart disease are not offset by damaging effects that are reflected natives in health care. The cost/utilities of the behavioral proin other diseases (Paffenbarger, Hyde, & Wing, 1986) .
grams to improve adherence with blood pressure medication Whether there are significant side effects associated with exerare more favorable for severe than for mild hypertension. In cise has not clearly been established. A study of men and women addition, the programs are more cost effective if they begin in Seattle suggested that heart attacks occur at a higher rate early in life for men but later in life for women. When they are during exercise than during periods of inactivity. However, the compared in the same units, the behavioral programs compare same study demonstrated that the protective effects of exercise quite favorably with surgery. Using the same system, Weinstein outweigh the risks of having a heart attack during an exercise and Stason (1982) found that coronary artery bypass surgery session (Siscovick, Weiss, Fletcher, & Lasky, 1984) . Van Camp for a three-vessel disease cost about $30,000 to produce a and Peterson (1986) reported that serious complications in su-QALY. The same surgery for a one-vessel disease cost nearly pervised exercise programs for heart disease patients are rare.
$600,000 to produce a QALY. Williams (1988) argued that acThey observed only one fatality per 750,000 patient hours of tion to lower total serum cholesterol might produce a QALY for supervised exercise and about nine cardiac arrests per million as little as $2,600. Thus, preventive actions may be considerably patient hours of exercise. These outcomes are not greatly more cost effective than medical and surgical remedies for esdifferent than those expected without exercise for patients in tablished problems. Over the next few years, the number of inthisagegroup, terventionsanalyzedusingthissystemis expectedto grow. On the other hand, various studies have suggested that reguIn this article a variety of approaches to quality of life assesslar exercise is associated with muscle strains, cramps, torn ligament has been discussed. Quality of life is clearly a multidimenments, and blisters. Among over 2,000 entrants who began the sional construct. However, there is still considerable debate London Marathon, 26 participants were sent to the hospital and about whether or not multidimensional measures are required. 4 remained under care overnight (Nicholl & Williams, 1983) .
Some approaches attempt to represent the multidimensionality A follow-up study of participants in an Atlanta recreational run by providing quality of life profiles. Other approaches attempt revealed that more than a third of the regular runners suffered to scale the multidimensional construct with a unidimensional some temporary setback due to injury within a year. Fifteen preference weighting system. The choice of a unidimensional percent consulted a doctor about their injuries and a remarkversus a multidimensional approach depends on the purpose of able 7% had collisions with bicycles or cars or were bitten by the study. Multidimensional approaches provide more clinical dogs (Koplan, Powell, Sikes, Shirley, & Campbell, 1982) . In diagnostic information about areas in which there are deficits. summary, neither the risks nor the benefits of exercise have been
The unidimensional approach is better suited for policy analyclearlydemonstrated, sisand comparisonsof verydifferentalternativesin healthcare. In her analysis of exercise, L. B. Russell (1986) questioned A related issue is the specificity of the measure for the disease whether the costs of exercise programs have been thoroughly being considered. Some investigators prefer measures specific considered. For example, adults who begin an exercise program to cardiovascular disease, whereas others argue that compreaccure a variety of expenses, including medical expenses. The hensive but general measures are more desirable. Future reAmerican Heart Association recommends that physicians persearch will be required to identify the incremental validity of form thorough and costly evaluations of adults considering exusing disease-specific measures. ercise programs (American Heart Association, 1972) . In EnAlthough there is still considerable debate about the definigland, where the existence of socialized medicine may influence tion of quality of life, policy analysts have been active in the use such policies, the Royal College of Physicians suggested that of the QALY concept. In some areas, particularly those relevant most people do not need a medical exam before starting an exto prevention, there is a serious lack of research data needed ercise program. Instead, they recommend that people begin for the computation of QALY indices. Often, the quality of life their programs slowly and seek medical advice if they have unimpact of an intervention is estimated rather than measured. expected symptoms (Royal College of Physicians, 1983) .
More studies are required to identify the cost/utility of many preventive measures, including exercise, diet, and coping with (Eds.), Behavioral epidemiology and disease prevention (pp. 31-54). stress.
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